Nests are important structures for the reproduction and survival of many organisms. We studied nest-site selection by the Mexican red-bellied squirrel (Sciurus aureogaster) in an oak-pine forest located south of Pátzcuaro, Michoacán, Mexico. We quantified 20 habitat characteristics and 6 nest characteristics for a total of 90 nest sites. Nest sites were compared with 90 random sites in parts of the forest where we always found nests (availability), and with 90 random sites in portions of the study area where we never located nests (unused sites). Nests were built in the tallest and largest trees and close to the main trunk. Unused sites are limiting the nesting capacity of squirrels apparently because these sites maintain a lower density of trees compared with nest sites. Two of the 6 characteristics quantified for nests were significantly associated with habitat characteristics where squirrels built nests. Quercus candicans was the tree species most widely used for nesting during the wet season, whereas Q. laurina was commonly used in the dry season, apparently in relation to the periods of mast production.
Nests play a vital role in the reproduction and survival of many organisms by providing thermal insulation against the external climate, and a favorable refuge against potential predators (Faaborg 1988; Setoguchi 1991) . However, it is known that in certain birds (Blakesley et al. 1992; Boe 1994; Thogmartin 1999 ) and small mammals (Cotton and Parker 2000; Gilmore and Gates 1985; Setoguchi 1991 ) the construction of nests is affected by the availability of structural characteristics in the habitat. As a result, information on nest-site characteristics allows researchers to assess habitat suitability for species.
Suitable nesting sites can be a limiting resource in some species of tree squirrels (Brown and Batzli 1985; Burger 1969; Nixon and Donohoe 1979; Nixon et al. 1984) . Unfortunately, although the nesting requirements of some species of tree squirrels are well known, especially in temperate regions (Edelman and Koprowski 2005; Edwards and Guynn 1995; Menzel et al. 2004; Rothwell 1979; Setoguchi 1991; Wauters and Dhondt 1990) , those in tropical regions are poorly understood.
Seasonal variation in nest-site selection is another aspect of the nesting behavior of tree squirrels that has been poorly studied. Nonetheless, it is known that southeastern fox squirrels (Sciurus niger) use leaf nests and cavities with no distinction among seasons, whereas eastern gray squirrels (S. carolinensis) alternate their use among seasons (Edwards and Guynn 1995) . Likewise, few studies have analyzed if nest characteristics can be associated with some of the habitat characteristics where nests are built. Studies are needed to understand more about the nesting requirements of tree squirrels.
The Mexican red-bellied squirrel (S. aureogaster), like many other species of tree squirrels of Mexico, has not been widely studied, resulting in a dearth of information about its biology and ecological requirements. The species inhabits a wide variety of forests in Mexico and southwestern Guatemala, ranging from tropical scrub and broadleaf formations of the hot lowlands to cold and wet temperate cloud forests of oak and conifer in the highlands (Musser 1968) . S. aureogaster can be found in different vegetation types such as pine, oak, cedar, and juniper (Ceballos and Galindo 1984) . It is not known if members of this species select specific characteristics of its habitat for nesting. However, a study conducted on a population introduced in Florida revealed that S. aureogaster uses more mahogany trees (Swietenia mahogani) for nesting than any other tree species, building nests usually in the upper part of tree crowns (Brown and McGuire 1975) . Information on habitat requirements is needed not only for the conservation of threatened populations of tree squirrel species, but for their management and control. We analyzed the selection of nest sites by S. aureogaster, determining if nest sites differed from available sites, if nest sites differed from unused sites, if habitat and nest characteristics were associated, and if habitat and nest characteristics differed between dry and wet seasons.
MATERIALS AND METHODS
Study area.-We conducted the study in a small portion (100 ha) of the oak-pine forest located approximately 7.5 km south of the city of Pátzcuaro, Michoacán, Mexico (19827929.10N, 101836941.60W; 2,340 m) . Vegetation is composed of the tree species Quercus candicans, Q. crassipes, Q. laurina, Q. obtusata, Pinus pseudostrobus, Clethra mexicana, Cornus disciflora, Styrax ramirezii, Symplocos prionophylla, and Ternstroemia pringlei, with high occurrence of shrubs. In general, the forest is well preserved except for the presence of some dirt roads and trails.
Nest identification.-The study was carried out from December 2000 to February 2002. Leaf nests were located along dirt roads and trails, and through the dense part of the forest covering 50 m along both margins of dirt roads, comprising approximately 85% of the study area. Because of the lack of tree cavities in the forest, only leaf nests were considered in the study. We excluded all nests present before the beginning of the study, focusing our attention on those nests built during the study. To accomplish this, the trunks of all trees in the study area having nests were marked with red paint. We then proceeded to locate all nests built by squirrels on a monthly basis from January to December 2001. To avoid counting nests twice, we painted a sequential number on the tree trunks where we found new nests, which allowed us to keep a record of the construction of nests. The absence of other sympatric species of tree squirrels in the study area facilitated the identification of leaf nests.
Nest sites.-For each nest tree, we recorded species, basal area, height, height to 1st major branch, if the crown was interlocked to other trees, if the canopy was open or closed, distance to nearest canopy opening, distance to nearest dirt road or trail, if nest tree was near a dirt road or trail, degrees of slope, aspect of slope, distance to nearest tree, and nearest tree species. Surrounding each nest tree, we recorded if there was a dirt road, trail, or none; basal area of all tree species; number of trees of all species; and number of tree species. In addition, the relative dominance, relative density, and relative frequency of each tree species were measured at each nest site (MullerDombois and Ellenberg 1974) . Nest-site characteristics were measured employing 10 Â 10-m quadrats (0.01 ha) with the nest tree at the center (Cotton and Parker 2000; MullerDombois and Ellenberg 1974) . Because of the great number of trees in the study area with 2 or more trunks, tree diameter was taken at the height of the tree base considering only trees with basal diameters ! 5 cm. A single Shannon's diversity index (H9) also was calculated for all nest sites (Magurran 1988) .
The same information was collected for available and unused sites during January and February 2002. Available sites were selected randomly in parts of the forest where we always found nests, whereas unused sites were selected randomly in patches of the study area where we never located nests. To have equal sample sizes, we measured the same number of trees as nests were found, establishing direction and distance with numbers generated at random (Livingston et al. 1990; Rich 1986) .
Nests.-For each nest, we recorded height; distance to tree trunk; diameter; if it was built in a fork or branch; if it was built in the top, middle, or below the tree crown; and the aspect of the nest. Because of the height at which squirrels built nests, nest diameter was only estimated.
Statistical analysis.-Differences among sites were examined by comparing the habitat characteristics quantified at nest sites with those measured randomly at available and unused sites using Fisher's exact tests, chi-square tests, and 1-way analysis of variance (ANOVA) with Tukey-Kramer's post hoc test. Kruskall-Wallis nonparametric ANOVA with Dunn's post hoc test was used when transformations (log 10 ) were not possible (Zar 1996) . Diversity indexes (H9) were compared using 2-sample t-tests (Magurran 1988) . Because 2 comparisons were made for each nest-site characteristic (for example, tree height at nest sites with tree height at available and unused sites), the Bonferroni correction was used to reduce the possibility of type error I, considering results significant when P , 0.05/2 ¼ 0.025. To determine if nest characteristics were associated with habitat characteristics we used the Spearman test, Fisher's exact test, and chi-square test (Zar 1996) . Because 7 comparisons were made for nest height, distance to tree trunk, and nest diameter (for example, nest height with nest tree basal area, nest tree height, height to 1st major branch, distance to nearest dirt road or trail, distance to nearest canopy opening, slope, and distance to nearest tree), the Bonferroni correction was used, considering results significant when P , 0.05/7 ¼ 0.0071. Likewise, because 4 comparisons were made for position of nests in forks or branches, position of nests in tree crowns, and aspect of nest, the Bonferroni correction was used, considering results significant when P , 0.05/4 ¼ 0.0125. The randomness of 3 nest characteristics (position in forks or branches, position in the tree crown, and aspect) was examined by comparing them with even distributions using the Fisher's exact test and the chi-square test.
Dry (November-April) and wet (May-October) seasons were defined according to the levels of temperature and precipitation during the study. Nest site and nest characteristics were analyzed for seasonal differences using 2-sample t-tests, Fisher's exact tests, and chi-square tests with Yates's correction. Mann-Whitney U-test was used when transformations were not possible. We used the Spearman test to determine the level of association of nest tree height with nest tree basal area and height of the nest tree's 1st major branch to avoid interpretation biases (Zar 1996) . To determine if the number of nests built during the dry season differed from the wet season, we compared them with even distributions using the Fisher's exact test. Results were considered significant when P , 0.05. Nest-site characteristics were finally examined using a principal component analysis to quantify their interrelations by reducing the dimensionality of the information (McGarigal et al. 2000; Thogmartin 1999 ). We used continuous characteristics for the analysis, taking loadings greater or less than 6 0.57 to distinguish among groups. All the characteristics were transformed (log 10 ) to improve their distributions before analysis (McGarigal et al. 2000) .
RESULTS
Nest sites.-We located a total of 90 leaf nests, of which 32 were built in Q. laurina, 19 in Q. obtusata, 18 in Q. candicans, 16 in Q. crassipes, 2 in P. pseudostrobus, 1 in C. disciflora, 1 in C. mexicana, and 1 in S. ramirezii. We did not find nests in S. prionophylla nor in T. pringlei. The number of oak trees used for nesting was greater at nest sites (n ¼ 85) than those measured randomly at available sites (n ¼ 26; Fisher, P , 0.0001) and unused sites (n ¼ 19; Fisher, P , 0.0001); Q. candicans, Q. crassipes, and Q. laurina were the only tree species used more frequently than their availabilities in the forest (Fig. 1) . Nest trees were larger, taller, with the 1st major branches higher, closer to canopy opening, and in steeper slopes than random trees at available and unused sites (Table 1) . In contrast, basal area of all tree species and number of trees of all species at nest sites were similar to those at available sites, but different from unused sites (Table 1) . Distance to nearest dirt road or trail, distance to nearest tree, and number of tree species did not differ among sites (Table 1 ). The number of 
29).
Quercus obtusata was the tree species with the highest relative dominance at nest sites, compared with available and unused sites, where P. pseudostrobus was the dominant tree species (Table 2) . Unused sites showed a higher density of P. pseudostrobus than nest and available sites (Table 2) . However, T. pringlei was the tree species with the highest relative density and relative frequency among sites (Table 2) . It is important to note that Q. candicans, Q. crassipes, and Q. laurina showed low relative densities and relative frequencies among sites (Table 2) . Diversity (H9) at nest sites was similar to that at available sites (t ¼ 1.112, d.f. ¼ 4,134, P ¼ 0.266) but different from unused sites (t ¼ 7.641, d.f. ¼ 3,553, P , 0.001). Tree diversity at nest sites (H9 ¼ 1.648, S ¼ 10, n ¼ 2,077) was similar to that at available sites (H9 ¼ 1.684, S ¼ 10, n ¼ 2061), but different from unused sites (H9 ¼ 1.895, S ¼ 10, n ¼ 1506; H9 max ¼ 2.30). The principal component analysis generated 3 components with eigenvalues ! 1.00, which explained 64.91% of the variance (Table 3 ). The 1st component was considered to be a measure of the structural characteristics of trees used for nesting, and the number of trees surrounding nest trees. The 2nd component was considered to be a gradient of the basal area and density of trees surrounding nest trees. The 3rd component was considered to be a measure of the nonbiological characteristics of the habitat surrounding nest trees.
Nests.-Nests were built at a height of 17.62 6 5.45 m ( X 6 SD). Nest height was associated with nest tree basal area (r ¼ 0.496, n ¼ 90, P , 0.0001), and nest tree height (r ¼ 0.71, n ¼ 90, P , 0.0001). In contrast, nest height was negatively associated with distance to nearest canopy opening (r ¼ À0.47, n ¼ 90, P , 0.0001). Nest height was not associated with height to 1st major branch, distance to nearest dirt road or trail, slope, and distance to nearest tree (all P . 0.011). Nests were built 1.48 6 2.09 m away from the main trunk. Distance to tree trunk was associated with nest tree basal area (r ¼ 0.39, n ¼ 90, P ¼ 0.0002) and nest tree height (r ¼ 0.32, n ¼ 90, P ¼ 0.0023). Distance to tree trunk was not associated with height to 1st major branch, distance to nearest canopy opening, distance to nearest dirt road or trail, slope, and distance to nearest tree (all P . 0.09). Nests were 29.22 6 5.15 cm in diameter. Nest diameter was not associated with nest tree basal area, nest tree height, height to 1st major branch, distance to nearest canopy opening, slope, distance to nearest dirt road or trail, and distance to nearest tree (all P . 0.01). The number of nests in forks (n ¼ 59) was similar to those built in branches (n ¼ 31; Fisher, P ¼ 0.049). The position of nests in forks or branches was not associated with interlocked crowns to other trees, if the canopy was open or closed, if nest tree was near a dirt road or trail, and aspect of slope (all P . 0.42). The number of nests in the top (n ¼ 44) was similar to those built in the middle (n ¼ 29), or below (n ¼ 17; v 2 ¼ 6.26, d.f. ¼ 2, P ¼ 0.043) tree crowns. Position of nests in tree crowns was not associated with interlocked crowns to other trees, if the canopy was open or closed, presence of dirt roads, trails, or none at nest sites, and aspect of slope (all P . 0.044). Nests were Seasonality.-Similar numbers of nests were built during dry (n ¼ 44) and wet seasons (n ¼ 46; Fisher, P ¼ 1.0000). Squirrels showed 2 periods of high activity in the construction of nests: one in June (n ¼ 14) and another in November (n ¼ 10; Fig. 2 ). Because 94.4% (n ¼ 85) of the nests were built in oak trees (Quercus), we analyzed seasonal differences using only oak trees. The use of oak trees differed between seasons (v 2 ¼ 17.23, d.f. ¼ 3, P ¼ 0.0006), Q. laurina being the species most widely used for nesting during the dry season (n ¼ 23) and Q. candicans during the wet season (n ¼ 16; Fig. 3 ). In contrast, no other nest-site characteristic showed seasonal differences (all P . 0.06). Likewise, none of the nest characteristics showed seasonal differences (all P . 0.16). The fact that nest tree height was associated with nest tree basal area (r ¼ 0.51, n ¼ 90, P , 0.0001) and height to 1st major branch (r ¼ 0.34, n ¼ 90, P ¼ 0.0011) could explain why seasonal differences were not found in these 3 characteristics.
DISCUSSION
Nest sites.-Squirrels selected Q. candicans, Q. crassipes, and Q. laurina for nesting despite their low densities and heterogeneous distributions among sites. Similar results have been observed in S. aureogaster in Florida (Brown and McGuire 1975) , and in other species of tree squirrels (Best 1995; Brown 1984; Edwards and Guynn 1995; Robb et al. 1996; Setoguchi 1991) . It is likely that S. aureogaster in our study area is selective about structural characteristics of the habitat instead of specific tree species, similar to other species of tree squirrels (Edelman and Koprowski 2005; Edwards and Guynn 1995; Snyder and Linhart 1994) . S. aureogaster selected larger and taller nest trees, with the 1st major branches higher, and the canopy open to build nests. This association was consistent with the 1st principal component, by revealing that structural components of nest trees influenced the selection of nest sites. Q. candicans, Q. crassipes, and Q. laurina commonly reached the forest canopy and their structural characteristics may have attracted squirrels to build nests. Larger and taller oak trees offer a major advantage over other trees because mast is greater in older oak trees with larger crowns (Goodrum et al. 1971; Kantola and Humphrey 1990; Riege 1991) , providing a nearby source of food as well as protection against predators. However, during winter months when food became scarce, we commonly observed squirrels wandering on the forest floor in search of food.
The 1st principal component showed that the number of trees surrounding nests apparently was important for S. aureogaster to build nests. Tree density also is an important factor for Abert's squirrels (Sciurus aberti) in the selection of nest sites (Brown 1984) . The differences observed in the basal area of all tree species and the number of trees of all species between nest and unused sites was reflected in the low and high diversities (H9) obtained in both sites, respectively, which may have influenced the selection of nest sites (Edwards and Guynn 1995; Snyder and Linhart 1994) . This was consistent with the 2nd principal component, which revealed that vegetation surrounding nest trees also influenced the selection of nest sites. This seems to indicate that unused sites are limiting the nesting capacity of squirrels, apparently because of their lower density of trees compared with nest and available sites. Nonetheless, because of the high density of P. pseudostrobus at unused sites, squirrels always had a good supply of pine cones. S. aureogaster also selected sites with steeper slopes for nesting, similar to S. aberti (Edelman and Koprowski 2005) . The 3rd principal component revealed that both slope at nest sites and distance to nearest dirt road or trail were important for squirrels to build nests. Distance to nearest dirt road or trail may influence the selection of nest sites in some birds (Rich 1986; Thogmartin 1999; Thompson et al. 1990) .
Nests.-Placement of nests in taller and larger trees may provide stability and protection from the effects of wind and rain (Edelman and Koprowski 2005) , as well as routes to escape from potential predators. This probably also allowed nests to be built farther from the main trunk as nest trees were larger and taller. S. aureogaster in our study area built nests oriented randomly, similar to S. niger (Robb et al. 1996) . However, other species of tree squirrels such as S. aberti build nests oriented frequently toward the south and east to increase solar exposure during early morning (Farentinos 1972; Snyder and Linhart 1994) .
Seasonality.-The construction of nests showed peaks in June and November, during the wet and dry seasons, respectively. S. carolinensis also shows similar periods of major building activity in July and early November, which seems to be related to its reproductive seasons (Uhlig 1956 ). Although we did not examine its reproductive activity, S. aureogaster reproduces throughout the year (Brown and McGuire 1975) , limited only by food availability (Ceballos and Galindo 1984) . It is likely that the 2 periods of major building activity may be related to seasons of mast production, because some oak species such as Q. candicans produce mast from June to August, whereas Q. crassipes produces mast from October to November. This seems to indicate that S. aureogaster built nests in those trees that were producing mast, maintaining a source of food nearby (Edwards and Guynn 1995; Snyder and Linhart 1994) . The rest of the habitat and nest characteristics may have not shown significant seasonal differences because no drastic changes in temperature were recorded throughout the study (15.068C 6 2.538C; X 6 SD, n ¼ 12 months), according to information provided by the National Meteorological Service.
RESUMEN
Los nidos son estructuras importantes para la reproducción y sobrevivencia de muchos organismos. Estudiamos la selección de los sitios de anidación por la ardilla arborícola Sciurus aureogaster en un bosque de pino encino localizado al sur de Pátzcuaro, Michoacán, México. Cuantificamos 20 caracterís-ticas del hábitat y 6 características de los nidos para un total de 90 sitios de anidación. Los sitios de anidación fueron comparamos con 90 sitios al azar en partes del bosque donde siempre encontramos nidos (disponibilidad), y con 90 sitios al azar en porciones del área de estudio donde nunca localizamos nidos (sitios no utilizados). Los nidos fueron construidos en los árboles más altos y gruesos y cerca del tronco principal. Los sitios no utilizados están limitando la capacidad de anidación de las ardillas, al parecer porque estos sitios mantienen una densidad de árboles menor comparados con los sitios de anidación. Dos de las 6 características cuantificadas para los nidos estuvieron significativamente asociadas con caracterís-ticas del hábitat donde las ardillas construyeron nidos. Mientras que Quercus candicans fue la especie de árbol más ampliamente utilizada para anidar durante la estación h umeda, Q. laurina fue com unmente usada en la estación seca, al parecer en relación a los periodos de fructificación.
